A Heating, Ventilating and Air Conditioning (HVAC) system is a nonlinear multi-input multi-output (MIMO) system. This system is very difficult to control the temperature and the humidity ratio of a thermal space because of complex nonlinear characteristics. This paper proposes an adaptive fuzzy output feedback control based on observer for the nonlinear HVAC system. The nonlinear HVAC system is linearized through dynamic extension. State observers are designed for estimating state variables of the HVAC system. Fuzzy systems are employed to approximate uncertain nonlinear functions of the HVAC system with unavailable state variables. The obtained controller compares with an adaptive feedback controller. Simulation is given to demonstrate the effectiveness of our proposed adaptive fuzzy method.
Introduction
A HVAC system includes all Air-Conditioning system used for cooling and heating the room or buildings. The energy consumed by HVAC systems in commercial and industrial buildings constitutes more 50 % of the world energy consumption [1] . A mere 1 % improvement in energy efficiency of these systems translates into annual savings of millions of dollars at the national level [2] . The literatures in the design of controller for a HVAC system shows different researches to fully or partially achieve controlling the temperature and humidity ratio.
In [1] , an observer was proposed in estimating the thermal load and moisture load. In [6] , feedback linearization was applied to a HVAC model and the actuator's dynamics was considered. Several intelligent methods were also used for control of a HVAC system in [7] [8] . In [9] , an adaptive and robust controller was designed for a nonlinear HVAC system with unknown parameters. In spite of the development of new control methodologies for a HVAC system aiming at improving their energy efficiencies, the process of operating a HVAC system is still low efficiency and high energy consumption process [3] . For many years, PID and direct digital controls have also been used for temperature and humidity ratio control [4] [5] . The developed HVAC control techniques are insufficient for the complex nonlinear characteristics of a MIMO HVAC system with unavailable state variables.
In this paper, we propose an adaptive fuzzy output feedback controller based on observer for the HVAC system in achieving a good heating, ventilating and air conditioning performance.
The dynamic extension concept of [7] is used in feedback linearization mothod. Fuzzy systems is also used to approximate the uncertain functions of the HVAC system with unavailable state variables. The state observer is constructed for estimating unavailable state variables. The proposed adaptive fuzzy control method maintains the desired temperature and humidity ratio in the HVAC system. The remainder of this paper will be organized as follows. Section 2 will introduce a HVAC system, a dynamic equation and a state space model with actuator dynamics. In section 3, we will present the feedback linearization technique with dynamic extension algorithm for a nonlinear HVAC system. An adaptive fuzzy output feedback control based on observer will be introduced for the unavailable state variables of a HVAC system in section 4. Fuzzy systems will be briefly presented in this section. In section 5, simulation results of the adaptive fuzzy output feedback control method will be given. Finally, section 6 will give some concluding remarks.
HVAC System
We consider the single-zone HVAC system shown as Fig. 1 . The state variable form of the dynamic equation (1) can be rewritten as 
and 2 2 5 ) (
Feedback Linearization for HVAC System
We apply a feedback linearization technique to the augmented state space model (4) to track the desired temperature and humidity ratio. The HVAC system (4) has the relative degrees
, which is the smallest number of times that the outputs 1 z and 2 z have to differentiate such that at least one of the inputs appears in
However, the decoupling matrix
f f is singular. The system (4) has no relative degree. To achieve the relative degree and non-interacting control, we employ feedback linearization technique with a dynamic extension [7] .
We set the HVAC system will be composed as 
Following the procedure of linearization, system (5) can be rewritten as
Equation (6) is equivalent to the following system 
where
For the given set point references . We obtain the error matrix ,
that the polynomial 
Adaptive Fuzzy Output Feedback Control based on Observer for HVAC System
The control law (8) is based on exact cancellation of the nonlinear terms. If HVAC system has F and G under the unavailable state variables, cancellation is not accuracy and the equation (7) is not linear.
Assumption. The dynamics (1) of HVAC system is too complex and uncertain for a mathematical model to describe. The state variables is not available for measurement.
In this section, we present an adaptive fuzzy output feedback controller to solve the problems. A sound solution would be to eliminate the uncertain term by using the approximation property of the fuzzy logic systems and designing an observer [11] . In the following, we briefly explain the approximation property of the fuzzy logic systems.
The basic configuration of fuzzy logic systems consists of some fuzzy IF-THEN rules and a fuzzy inference engine. The fuzzy inference engines are used to combine the fuzzy IF-THEN rules in the fuzzy rule base into a mapping from an input linguistic vector to an output linguistic variable. The th fuzzy IF-THEN rule can be written as 
The adaptive fuzzy output feedback controller is designed as 
Simulations
In this simulation, we apply the adaptive fuzzy output feedback controller (13) to the continuous HVAC dynamics (7). In Table 1 , the initial premise variables, the initial new variables, the initial estimated values and parameter vectors are considered. Fig. 2 shows the change in head load and moisture load. K .
We want to track the temperature and humidity ratio to their respecting the given references of 70 °F and 0.0088 lb/lb. Fig. 3 shows temperature response. Humidity Ratio response is shown as Fig. 4 . Specially, Fig. 3(a) and Fig. 4(a) shows the results of the adaptive feedback linearization approach for HVAC system [9] . Fig. 3(b), Fig. 3(c) , Fig. 4(b) and Fig. 4(c) is the results of the proposed adaptive fuzzy output feedback approach. The response of adaptive fuzzy output feedback control based on observer is much better and faster than adaptive feedback approach.
Conclusions
In this paper, we apply the feedback linearization technique with dynamic extension and design an adaptive fuzzy output feedback control based on observer for a nonlinear HVAC system with unavailable state variables. Since the state variables of nonlinear HVAC system is assumed to be unavailable, the state observer is designed to estimate state variables, via which fuzzy control schemes are formulated. Besides, we construct membership functions for the premise state variables to make the fuzzy logic system. The adaptive fuzzy output feedback controller tracks the desired temperature and humidity ratio to keep the comfort of thermal space. The adaptive fuzzy system behaves a HVAC system to maintain a desired track-points. Simulations have proved that the adaptive fuzzy output feedback controller is superior to the adaptive feedback control due to the ability of adaption to the estimated state variables. It is also possible for the adaptive fuzzy output feedback controller to retrench overconsumption of energy.
